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[5'/j ABSTRACT 

An electric power steering apparatus for applying an auxil- 
iary torque generated in proportion to a steering torque, to a 
rack shaft to thereby reduce the steering torque. The rack 
shaft has at one end thereof rack teeth for meshing with a 
pinion. A rack guide mechanism is provided at the rack shaft 
one end oppositely from the rack teeth, for urging the rack 
shaft to the pinion. At the other end of the rack shaft, a screw 
portion and a ball screw mechanism are provided. A bush is 
provided for supporting an intermediate portion of the rack 
shaft to thereby restrict the bending of the intermediate 
portion beyond a predetermined value when an external 
force is applied to the rack shaft ends thereby bending the 
rack shaft intermediate portion. As a result, the vibration of 
the rack shaft and hence a steering wheel can be minimized. 

2 Claims, 8 Drawing Sheets 
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ELECTRIC POWER STEERING APPARATUS 
BACKGROUND OF THE INVENTION 

1. Field of the Invention ^ 
The present invention relates to an improvement in an 

electric power steering apparatus carried on a vehicle. 

2. Description of the Related Art 

In recent years, electric power steering apparatuses have 
been widely used to provide a comfortable steering feel to a 10 
driver by reducing the manual steering effort or force needed 
to turn a steering wheel. These electric power steering 
apparatuses are constructed such that an auxiliary torque 
generated by an electric motor in proportion to a steering 
torque is transmitted to a steering system. One example of 15 
such electric power steering apparatuses is disclosed in 
Japanese Patent Laid-Open Publication No. HEI 7-165089 
entitled "Electric Power Steering Apparatus". 

The electric power steering apparatus disclosed in Japa- 
nese Patent Laid-Open Publication No. HEI 7-165089 20 
includes a rack shaft having a ball nut mechanism assembled 
with one end portion thereof, a rack provided at the other end 
portion thereof, and a pinion meshing with the rack. The 
electric power steering apparatus also includes a rack guide 
for urging the rack shaft against the pinion, which rack guide 25 
is disposed at a position where the pinion meshes with the 
rack, thereby eliminating a play at the meshed portion. 

Reference is now made to (a) to (d) of FIG. 8 hereof, 
which diagrammatically illustrate the electric power steering 
apparatus disclosed in Japanese Patent Laid-Open Publica- 30 
tion No. HEI 7-165089. 

(a) of FIG. 8 diagrammatically illustrates in top plan the 
electric power steering apparatus. As shown in this figure, 
the steering apparatus 100 comprises a rack shaft 101 with 35 
steered wheels 104, 104 connected to opposite ends thereof 
via tie rods 102, 102 and knuckle arms 103, 103. A ball nut 
mechanism 105 is assembled at one end of the rack shaft 
101. A rack 106 is provided at the other end of the rack shaft 
101. A pinion 107 is in meshing engagement with the rack ^ 
106. The rack shaft 101 is pressed against the pinion 107 by 

a rack guide 108 located oppositely from the pinion 107. 

(b) of FIG. 8 is a separate diagrammatic illustration of the 
rack shaft 101 and associated members shown in (a) of FIG 

8. As shown in this figure, the rack shaft 101 is supported at 45 
two different points, namely, at a position where the ball nut 
mechanism 105 is disposed and at a position where the 
pinion 107 and the rack guide 108 are provided. Thus, the 
rack shaft 101 has a long support span, that is, it is supported 
at two different points of support spaced apart a long 50 
distance. 

(c) and (d) of FIG. 8 diagrammatically illustrate opera- 
tions of the rack shaft 101 and associated members shown in 
(b) of FIG. 8. As can be seen from these figures, a road 
surface reactive force is transmitted to the rack shaft 101 via 55 
the tie rods 102, 102 during running of a vehicle, particularly 
upon turning of a steering wheel. Thus, an external force or 
moment (hereinafter called "moment M") resulting from the 
road surface reactive force is applied to the opposite ends of 
the rack shaft 101. Consequently, the rack shaft 101 bends 60 
in a lengthwise direction of the vehicle as shown by a solid 
line. The long support span described above adds up the 
amount of such bending. 

Generally, in the electric power steering apparatus of FIG. 
8, there exists an error of meshing dimension between the 65 
rack 106 and pinion 107. Further, a clearance arises between 
screw grooves and balls of the ball nut mechanism 105. The 
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rack shaft 101 thus encounters vibrations resulting from the 
causes as enumerated below: 

(a) during running of the vehicle, especially when the 
steering wheel is turned, a road surface reactive force 
is transmitted to the rack shaft 101 via the tie rods 102, 
102, thereby vibrating the rack shaft 101 in a fronl- 
and-rear direction of the vehicle (first cause); and 

(b) as each ball of the ball nut mechanism 105 comes into 
and out of contact with the respective screw groove, a 
force applied from the baU to the screw groove varies, 
thereby vibrating the rack shaft 101 (second cause). 

When a frequency of the vibration resulted from the first 
cause and a frequency of the vibration resulted from the 
second cause match, the vibration of the rack shaft 101 is 
amplified. Further, when the frequency of the amplified 
vibration matches with the natural frequency of the rack 
shaft 101, the rack shaft 101 vibrates in a further increased 
magnitude due to resonance. 

Such amplified vibration of the rack shaft 101 may be 
transmitted to the passenger compartment via the steering 
wheel, thereby producing noises in the passenger compart- 
ment. Transmission of the rack shaft vibration to the steering 
wheel is also undesired from the standpoint of a steering feel 
to the driver. 

As measures to suppress the resonance of the rack shaft 
101, one ay propose (l)-(3) as follows: 

(1) to increase the accuracy of meshing dimension of the 
rack 106 and the pinion 107; 

(2) to reduce the clearance between the ball and the screw 
groove of the ball nut mechanism 105; and/or 

(3) to alter the diameter of the rack shaft 101 to thereby 
vary its natural frequency, or to provide the rack shaft 
101 with a vibration restricting member. 

However, the measure (1) involves tedious processing, 
thereby increasing the costs of the resulting products. The 
measure (2) results in an increased frictional resistance 
between the ball and the screw groove and hence is undes- 
ired from the aspect of a steering feel. With the measure (3), 
the rack shaft 101 is increased in weight and complicated in 
construction. 

Thus, it is demanded that an electric power steering 
apparatus be provided in which measures against the vibra- 
tion of the rack shaft can be effected at low cost. 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, there 
is provided an electric power steering apparatus which 
comprises a rack shaft having rack teeth disposed at a 
portion of a peripheral surface of one end thereof and a 
screw portion provided at other end thereof, a pinion for 
meshing with the rack teeth, a rack guide mechanism 
provided on a back side surface of the peripheral surface, 
opposed from the peripheral surface portion on which the 
rack teeth are formed, for pressing the back side surface of 
the rack shaft, a nut mounted on the screw portion, an 
electric motor for applying an auxiliary torque, correspond- 
ing to a steering torque, to the rack shaft through the nut, and 
a bush for supporting an intermediate portion of the rack 
shaft to thereby restrict bending of the rack shaft in excess 
of a predetermined value when the rack shaft is bent by the 
predetermined value. 

When an external force or moment (hereinafter referred to 
as "moment") arising from a road surface reactive force is 
applied to both ends of the rack shaft thereby bending the 
intermediate portion of the rack shaft, the bush supports the 
rack shaft intermediate portion and restrict the bending of 



06/06/2003, EAST Version: 1.04.0000 



5,927,429 

3 4 

the same beyond the predetermined value. Since the amount FIG. 8 is a diagrammatic illustration of a conventional 

of bending of the rack shaft is kept to a minimum, the electric power steering apparatus, 
vibration of the rack shaft and hence the steering wheel can 

be suppressed. Moreover, by preventing the vibration of the DETAILED DESCRIPTION OF THE 

rack shaft from being transmitted to a passenger compart- 5 PREFERRED EMBODIMENTS 

ment through the steering wheel, noises in the passenger Referring to FIG. 1, an electric power steering apparatus 

compartment can be reduced. Further, since provision of the x mc i u des a rack-and-pinion mechanism 3 (comprised of a 

bush having a simple structure prevents the vibration of the pinion 4 and a rack shaft 5) connected to a steering wheel 2, 

rack shaft, it becomes possible to produce an electric power a torque detector 6 for detecting a steering torque generated 

steering apparatus at low cost. Still further, since the vibra- 10 ^ a steering system by turning the steering wheel 2 and 

tion of the rack shaft is reduced, it becomes possible to outputting a signal corresponding to the detected steering 

decrease wear of the rack-and-pinion mechanism and screw torque, a control unit 7 for generating a control signal based 

mechanism. on the signal from the torque detector 6, an electric motor 8 

According to a second aspect of the present invention, for generating an auxiliary torque corresponding to the 

there is provided an electric power steering apparatus which 15 steering torque based on the control signal from the control 

comprises a rack shaft having rack teeth disposed at a unit 7, and a ball screw 9 serving as a screw mechanism for 

portion of a peripheral surface of one end thereof and a transmitting the auxiliary torque from the electric motor 8 to 

screw portion provided at a position displaced from other the rack shaft 5. The electric power steering apparatus 1 thus 

end toward the one end thereof, a pinion for meshing with constructed is operable to steer a pair of wheels 13, 13 via 

the rack teeth, a rack guide mechanism provided on a back 20 tf e r0( j s u, xi and knuckle arms 12, 12. 

side surface of the peripheral surface, opposed from the snown j n pjo. 2, the rack-and-pinion mechanism 3, 

peripheral surface portion on which the rack teeth are the electric motor 8 and the ball screw 9 are accommodated 

formed, for pressing the back side surface of the rack shaft, wi * hin a stcer ing gear box 21 extending transversely of a 

a nut mounted on the screw portion, an electnc motor for vehicle. The steering gear box 21 has generally tubular first 

applying an auxiliary torque, corresponding to a steering 25 and $econd housings 22, 23. The first housing 22 and the 

torque, to the rack shaft through the nut, and a bush for second housing 23 are bolted together. The first housing 22 

supporting the other end of the rack shaft to thereby restrict has brackets 24 for connection to a vehicle body not shown, 

bending of the rack shaft in excess of a predetermined value j^c sccond housing 23 has mount members 25 for connec- 

when the rack shaft is bent by the predetermined value. (j on to the vehicle body. 

When the moment is applied to the two ends of the rack 30 The rac k shaft 5 extending transversely of the vehicle is 

shaft thereby bending the other end of the rack shaft by the mes hed with the pinion 4 at a portion proximate to one end 

predetermined value, the bush supports the other end of the thereof and has the ball screw 9 provided at a portion 

rack shaft, thereby preventing the other end from being bent proximate to an opposite end thereof. The rack shaft 5 is 

beyond the predetermined value. Since the amount of bend- connected at the opposite ends to the tie rods 11, 11 and 

ing of the other end is limited, the vibration of the rack shaft 35 paS ses through the steering gear box 21 slidably along the 

can be suppressed. This further leads to the suppression of length thereof. The steering gear box 21 has a rack guide 

the vibration of the steering wheel. mechanism 50 provided centrally of the position of meshing 

Moreover, according to the second aspect of the present engagement between the pinion 4 and the rack shaft 5, and 

invention, since the pinion amd rack guide are disposed at a bush 75 provided at an intermediate portion of the rack 

the one end of the rack shaft while the bush is disposed at shaft 5. The rack-and-pinion mechanism 3 and the rack 

the other end of the rack shaft, the ball screw can be disposed guide mechanism 50 will be described in more detail below 

at any desired point of the intermediate portion of the rack with reference to FIG. 3. Similarly, the bush 75 will be 

shaft, thereby improving the freedom of disposition of the described in detail with reference to FIG. 4. 

ball screw. ^ jhe vehicle widthwise center of the position of meshing 

BRIEF DESCRIPTION OF THE DRAWINGS engagement between the pinion 4 and the rack shaft 5 is 

* , . . .„ , designated by reference character A (hereinafter referred to 

Preferred embodiments of the present invention will be as "pinion center A"). The axial center of assemblage of the 

described below in greater detail with reference to the baU screw 9 with the rack shaft 5 is designated by reference 

accompanying drawings, in which: character B (hereinafter referred to as "ball screw center B"). 

FIG. 1 is a schematic view illustrating the general ^ axial of the bush 75 ^ ^signaled by reference 

arrangement of an electric power steering apparatus accord- character C (hereinafter referred to as "bush center C"). The 

ing to the present invention; 5ush ceDler c is desirably positioned substantially centrally 

FIG. 2 is an enlarged view showing, partially in section, between the pinion center A and the ball screw center B but 

the construction of the electric power steering apparatus; 55 mav oe slightly displaced from the center. 

FIG. 3 is a cross-sectional view taken along line 3—3 of Referring again to FIG. 2, reference numerals 26, 26 

FIG. 2; denote ball joints for connecting the ends of the rack shaft 

FIG. 4 is a cross-sectional view showing a rack shaft, an 5 1 0 the tie rods 11, 11. Designated by reference numerals 27, 

electric motor, a ball screw and their vicinity of the electric 27 are rubber covers for covering the ball joints 26, 26. 

power steering apparatus; 60 FIG. 3 is a cross-sectional view of the steering system. 

FIG. 5 is a diagrammatic view illustrating the operation of The steering system comprises a tubular input shaft 31 

the electric power steering apparatus; connected to the steering wheel 2 (see FIG. 1), a torsion 

FIG. 6 is a view similar to FIG. 2 but illustrating the (resilient) bar 33 housed in the input shaft 31 and coupled at 

overall arrangement of a modification of the electric power its upper portion to the input shaft 31 by means of a pin 32, 

steering apparatus; 65 and an output shaft 34 serration coupled with a lower portion 

FIG. 7 is a diagrammatic view illustrating the operation of of the torsion bar 33. The output shaft 34 has the pinion 4 at 

the modified electric power steering apparatus of FIG. 6; and a lower portion thereof. 
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The steering torque detector 6 detects a steering torque in The ball screw 9 comprises a threaded or screw portion 

the steering system by detecting a relative torsional angle (screw groove) 5b of the rack shaft 5, the nut 71 forming an 

between the input and output shafts 31, 34. That is, a slider outer cylindrical portion of the rack shaft 5, and a multi- 

35 is displaced as the torsion bar 33 is twisted, whereupon plicity of balls 72. The ball screw 9 is of the known type, 

a sensor 36, which is comprised of a magnetic material 5 such as a so-called internal- or external -circulation ball 

connected to the slider 35, and a coil disposed proximately screw, wherein balls 72 arriving at a screw groove end of the 

thereto, detects the amount of slider displacement in the nut 71 are circulated through a tube not shown, and transmits 

form of an amount of change in inductance, thereby detect- an auxiliary torque from the electric motor 8 through the nut 

ing a steering torque. 71 and via the balls 72 to the screw (threaded) portion 5b. 

More specifically, the torsion bar 33 is designed to pro- 10 In FIG. 4, reference numeral 73 denotes a lock screw 

duce a twist angle precisely corresponding to the steering screwed into the inner surface of the output shaft 63 for 

torque, and relative torsional displacement between the preventing axial movement of the nut 71 relative to the 

input and output shafts 31, 34. The cylindrical slider 35 output shaft 63. 

having an inclined groove 35a and a vertically elongated The bush 75 is fitted into a mount opening 22a formed at 

straight groove 35b is disposed between the input shaft 31 is one enc j portion of the first housing 22 and fixed by a stop 

and the output shaft 34 so that the slider 35 is axially ring 76 so that it may not come out of the mount opening 

displaceable in correspondence with the relative torsional 22a. The bush 75 is made from a self-lubricating or low 

displacement. The amount of the slider displacement is frictional resistance material, for example, a fluororesin- 

proportional to the steering torque and converted into an based resin such as a tetrailuoroethylene resin (Teflon™), 

electrical signal by the variable-inductance sensor 36. 20 Between the rack shaft 5 and the bush 75, there is provided 

Rack teeth 5a for meshing with the pinion 4 are formed a clearance 6, e.g., of the order of 0.1 mm. The bush 75 

in a part of a periphery of the rack shaft 5 extending in a supports the rack shaft 5 at an intermediate portion (e.g., 

front-and-rear direction of the sheet of FIG. 3. The input bush center C) thereof when the rack shaft 5 is bent by a 

shaft 31, the torsion bar 33 and the output shaft 34 have the predetermined value of 8. 

same central axis. 25 Next, the operation of the electric power steering appa- 

In FIG. 3, reference numerals 41, 42 respectively denote ratus explained above will be discussed with reference to (a) 

a third housing and a fourth housing, which are mounted to to (d) of FIG. 5. 

an upper part of the first housing 22. Reference numeral 43 (a) of FIG. 5 is a schematic illustration of the electric 

designates a bearing for supporting the input shaft 31. ^ power steering apparatus 1 represented by combining FIG. 

Reference numerals 44, 45 denote bearings for supporting 1 with FIG. 2. Since all of the referenced portions have been 

the opposite ends of the output shaft 34. explained in relation to FIG. 1 and FIG. 2, their explanation 

The rack guide mechanism 50 performs two different will be omitted, 

functions. Its first function is to guide and hold the rack shaft (b) of FIG. 5 is a schematic illustration of the rack shaft 

5 to allow transverse movement of the rack shaft 5. The 35 5 and its vicinity. The rack shaft 5 is supported at the pinion 

second function is to urge the rack shaft 5 to bring the rack center A and ball screw center B and pressed against the 

teeth 5a into meshing engagement with the pinion 4. pinion 4 by the rack guide mechanism 50 at the pinion center 

The rack guide mechanism 50 includes a guide member A - 

51 for guiding the rack shaft 5 and pressing the rack teeth 5a Being assembled with the rack shaft 5, the ball shaft 9 

to the pinion 4, a compression spring (resilient member) 52 40 supports the rack shaft 5 from both forward and rearward 

for biasing the guide member 51 toward the rack shaft 5 by directions (vertical direction in FIG. 5) of a vehicle body, 

the resilient force thereof, an adjusting bolt 53 for adjusting The pinion 4 supports the rack shaft 5 from the forward 

the resilient force of the compression spring 52, and a lock direction of the vehicle body. The rack guide mechanism 50 

nut 54 for locking the adjusting bolt 53 at a fixed position. presses the rack shaft 5 against the pinion 4 from the 

The adjusting bolt 53 is threadedly received in the first 45 rearward direction of the vehicle body. The bush 75 supports 

housing 22. the- rack 5 when the latter bends at the bush center C by the 

With the resilient force adjusted by the adjusting bolt 53, predetermined value, 

the compression spring 52 presses the guiding member 51 Referring to (c) and (d) of FIG. 5, an external force or 

against the rack shaft 5 with an appropriate pressing force. moment (hereinafter referred to as "moments Mf, Mf from 

The rack shaft 5 is imparted with a pre-load from the guide 50 the forward direction (front side) of the vehicle body" and 

member 51 urged by the compression spring 52. This "moments Mr, Mr from the rearward direction (back side) of 

pre-load causes the rack shaft 5 to be appropriately pressed the vehicle body*'), resulting from the ball screw 9 and a 

against the pinion 4. Reference numeral 55 designates a reactive force from the road surface arising when the vehicle 

backing member disposed between the guide member 51 is running, particularly when the steering wheel is turned, is 

and the rack shaft 5. 55 applied to the opposite ends of the rack shaft 5. 

FIG. 4 illustrates on an enlarged scale the rack shaft, As shown in (c) of FIG. 5, when one end of the rack shaft 

electric motor, ball nut and their vicinities shown in FIG. 2. 5 is bent away from the pinion 4 by the moments Mf, Mf 

The electric motor 8 includes a stator 61 and a rotor 62, from the forward direction with the intermediate portion of 

which are housed in the second housing 23. The rotor 62 is the rack shaft 5 flexed by the predetermined value, the rack 

rotatable about the rack shaft 5 and includes a tubular output 60 shaft 5 is supported by the ball screw 9, bush 75 and the rack 

shaft 63 for allowing passage of the rack shaft 5 there- guide mechanism 50. As a result, the rack shaft 5 flexes as 

through. The output shaft 63 has opposite ends rotatably shown by a thick solid line in (c) of FIG. 5. 

supported within the first and second housings 22, 23 via As shown in (d) of FIG. 5, when one end of the rack shaft 

bearings 64, 65. The ball screw 9 includes a nut 71 mounted 5 is bent to be pressed against the pinion 4 by the moments 

internally of one end of the output shaft 63. The bearing 65 65 Mr, Mr from the rearward direction of the vehicle body with 

supports the ball screw 9 via the output shaft 63 at the ball the intermediate portion of the rack shaft 5 flexed by the 

screw center B or its vicinity. predetermined value, the rack shaft 5 is supported by the ball 



06/06/2003, EAST Version: 1.04.0000 



5,927,42? 



8 



15 



screw 9, bush 75, and pinion 4. As a result, the rack shaft 5 
bends as shown by a thick solid line in (d) of FIG. 5. 

As is apparent from the foregoing description, when the 
moments Mf, Mf, Mr, Mr are applied from both the rearward 
and forward directions of the vehicle body to the opposite 5 
ends of the rack shaft 5, the intermediate portion of the rack 
shaft 5 does not bend in excess of the predetermined value, 
because the rack shaft intermediate portion is supported by 
the bush 75. Since the rack shaft 5 is thus allowed to bend 
only a limited amount, the vibration of the rack shaft 5 can 10 
be restricted. The restriction of the rack shaft vibration 
further leads to the prevention of the steering wheel vibra- 
tion. 

FIG. 6 illustrates a modification of the electric power 
steering apparatus shown in FIGS. 1 to 5. The same or like 
reference numerals will be used for the corresponding parts 
in the embodiment of FIGS. 1 to 5 and their description will 
be omitted. 

In the modified form of the electric power steering 2Q 
apparatus 1, the screw (threaded) portion Sb is provided at 
a portion of the rack shaft 5 displaced from the opposite end 
remote from the pinion 4, toward the pinion 4 at the one end 
of the rack shaft 5. The ball screw 9 is attached to the screw 
portion Sb. The bush 75 is provided at the opposite end of ^ 
the rack shaft 5 for supporting the rack shaft opposite end as 
the rack shaft 5 is bent by the predetermined amount. In 
other words, the rack shaft 5 has the pinion 4 meshed with 
the one end thereof, bush 75 provided at the other end, and 
ball screw 9 assembled with the intermediate portion of the 3Q 
rack shaft. 

(a) and (b) of FIG. 7 are views similar to (c) and (d) of 
FIG. 5, showing the operation of the rack shaft 5 of the 
modified electric power steering apparatus 1. 

As shown in (a) of FIG. 7, the moment Mf from the 35 
forward direction of the vehicle body causes the one end (on 
the right side of the figure) of the rack shaft 5 to be bent 
away from the pinion 4. By thus providing the bush 75, the 
opposite end of the rack shaft 5 is prevented from being bent 
in excess of the predetermined value when imparted with the 40 
moment Mf from the forward direction of the vehicle body. 
Stated otherwise, the rack shaft 5 is flexed at two ends with 
its intermediate portion held against the ball screw 9, as 
shown in (a) of FIG. 7. The rack shaft 5 is thus supported by 
the rack guide mechanism 50 and the ball screw 9. 45 

As shown in (b) of FIG. 7, the moment Mr from the back 
side of the vehicle body causes the one end of the rack shaft 
5 to be bent and pressed against the pinion 4. By virtue of 
the bush 75, the other end of the rack shaft 5 is prevented 
from being bent in excess of the predetermined value when 50 
imparted with the moment Mf from the front side of the 
vehicle body. When the moments Mr, Mr are exerted from 
the rearward direction of the vehicle body to the two ends of 
the rack shaft 5, the rack shaft 5 is supported by the bush 75, 
ball screw 9 and pinion 4 and thus flexes as shown by a thick 55 
solid line in (b) of FIG. 7. 

As thus far explained, with the intermediate portion of the 
rack shaft 5 supported by the ball screw 9 and the other end 
supported by the bush 75, the other end of the rack shaft 5 



is prevented from being bent in excess of the predetermined 
value when the moments Mf, Mf, Mr, Mr from the back and 
front sides of the vehicle body. At the same time, the 
intermediate portion of the rack shaft 5 is also prevented 
from being bent. As a result, the amount of bending of the 
rack shaft 5 is kept to a minimum, thereby preventing the 
rack shaft vibration. 

Obviously, various minor changes and modifications are 
possible in the light of the above teaching. It is to be 
understood that within the scope of the appended claims the 
present invention may be practiced otherwise than as spe- 
cifically described. 

What is claimed is: 

1. An electric power steering apparatus comprising: 

a rack shaft having rack teeth disposed at a portion of a 
peripheral surface of one end thereof and a screw 
portion provided at an opposite end thereof; 

a pinion for meshing with said rack teeth; 

a rack guide mechanism provided on a back side surface 
of said peripheral surface, opposed from said peripheral 
surface portion on which said rack teeth are formed, for 
pressing said back side surface of said rack shaft; 

a nut mounted on said screw portion; 

an electric motor for applying an auxiliary torque, corre- 
sponding to a steering torque, to said rack shaft through 
said nut; and 

a bush for supporting an intermediate portion of said rack 
shaft to thereby restrict bending of said rack shaft in 
excess of a predetermined value when said rack shaft is 
bent by the predetermined value, wherein the bush is 
disposed adjacent the rack shaft such that there is 
provided a clearance between the rack shaft and the 
bush of the predetermined value. 

2. An electric power steering apparatus comprising: 

a rack shaft having rack teeth disposed at a portion of a 
peripheral surface of one end thereof and a screw 
portion provided at a position displaced from an oppo- 
site end toward said one end thereof; 

a pinion for meshing with said rack teeth; 

a rack guide mechanism provided on a back side surface 
of said peripheral surface, opposed from said peripheral 

. surface portion on which said rack teeth are formed, for 
pressing said back side surface of said rack shaft; 

a nut mounted on said screw portion; 

an electric motor for applying an auxiliary torque, corre- 
sponding to a steering torque, to said rack shaft through 
said nut; and 

a bush for supporting the opposite end of said rack shaft 
to thereby restrict bending of said rack shaft in excess 
of a predetermined value when said rack shaft is bent 
by the predetermined value, wherein the bush is dis- 
posed adjacent the rack shaft such that there is provided 
a clearance between the rack shaft and the bush of the 
predetermined value. 
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